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Supporting data E. coli F97/pC20-menD 2,3-trans-CHD (4) SDHCHC (8) SEPHCHC (7) Time / min → 2,3-trans-CHD (4) iso-SDHCHC (iso- [20] Protein sequence network and sequence alignment
The protein sequence network ( Figure 4 ) was based on pairwise sequence identities derived from Needleman-Wunsch alignments implemented in the EMBOSS software suite (gap opening and extension penalties of 10 and 0.5, respectively). [1, 2] The Backbone layout in Visone (version 2.17) was used to visualize the network, setting a constraint that all sequences (nodes) remained connected to each other. [3, 4] Sequence pairs were ranked in order of decreasing sequence identity. A cut-off of 2.5% was applied to select the highest ranked sequence identities as part of the 'backbone' of the network. Edges were coloured in greyscale with darker edges representing higher sequence identities.
A multiple sequence alignment of eleven selected protein sequences from Figure 4 , sharing pairwise sequence identities between 31 and 65%. Standard position 102 for ThDP-dependent decarboxylases is marked in red.
NCBI-GI_492491340|Bacteroidales -------------MNNKYYSSERNVQILLALLKRNGIKKVIVSPGGTNIC 37 NCBI-GI_212673002,NCBI-GI_492852583|Desulfovibrio_piger -----------------MYTDDKTTQIVISMLKAYNIKNIILSPGTRNSA 33 NCBI-GI_546348585|Alistipes_sp_CAG_514 --------------MNTHYTVEKNVLILISLLKRNGIRKVIASPGTTNIT 36 NCBI-GI_912593203|Herbinix_hemicellulosilytica --------------MTAHYTDEKNVLILIALLKGHGIRKVIASPGTTNIT 36 NCBI-GI_1134248926|Alkalispirochaeta_americana --------------MNIGYTDEKQTQIVIALLKQHGIKKIIASPGTTNMT 36 NCBI-GI_763240296|Prevotella_brevis
MNQIEKEYEELRYKTGCYYTSERNKQIIIYLLKKYKIQKVVVSPGATNFA 50 
GDQSDDYIAAGGHFKPRFKINSQDSSLAKSWTSALGFKYYSACSKEEYLD 529 : :::. ** * . :
VLPKFMNSDI---TEPILVEVFTNSEDESNSLEKMVSLDNN--YSLKGKI 574 : ::.* * . : .:. [6] were used for in vivo conversions. The plasmids used for the transformations are described below (Section IV. Molecular biology methods).
Expression of MenD for in vitro assays. E. coli BL21(DE3) Gold (Agilent Technologies) was transformed with the plasmid pETM coding for N-terminal His-tagged MenD (1). The expression of MenD was performed according to Studier et al. [7] in the ZYM-5052 autoinduction medium (24-25 °C, 160-180 rpm).
After 15-18 h cultivation, the cells were centrifuged (1 h, 4350 × g, 4 °C) and stored at -80 °C until processing.
In vivo conversions. The media were prepared according to Horn et al. [8] and modified taking into account the auxotrophies of the producing strains.
The following stock solutions were used: (g) Glucose, glycerol and lactose were prepared as 2.5% or 50%, 25% and 10% (wt/vol) stocks, respectively, and autoclaved.
The producing E. coli strains F97 and F68 [3% (vol/vol) inoculum] were grown in 250-mL baffled flasks S7 with membrane caps containing 50 mL of medium (37 °C, 350 rpm). When an OD600 of 10 was reached, the membrane caps were replaced by perforated aluminum/plastic caps to increase the oxygen exchange.
The antibiotic ampicillin was used at a final concentration of 100 g/mL and the induction of the expression was performed with 0.1-0.5 mM IPTG. 
Screening of the variants for the conversion of 2,3-trans-CHD (4)
.
High-cell-density fermentation of selected variants for the conversion of 2,3-trans-CHD (4) and 2,3-trans-CHA (5)
In vivo conversions for the structural characterization of iso-SDHCHC (iso-8).
The strain E. coli F97 was cultivated according to Pan et al. [9] (pH 7.2, 100 h, 28 °C).
Whole-cell biotransformation of 2,3-trans-CHA (5) for the structural elucidation of the product. 
IV. Molecular biology methods
The genes of interest were cloned by standard PCR and cloning techniques [10, 11] using the plasmid pC20 (pJF119EH1-aroF-entC-entB-aroB-aroL) as backbone. [6, 12] EcMenD was amplified from pETM [5] including the ribosome-binding site and the His tag from the pET vector. The genes phzD and phzE of the phenazine biosynthesis pathway from Pseudomonas aeruginosa were amplified from pC30 and pET16:phzE. The description of the plasmids used is summarized in Table S1 . Table S1 . Plasmids used for transformation.
Plasmid Description Strain, use pJF119EH1 [12] Amp R , lacI q , Ptac, ori colE1 pC30 [13] pJF119EH1-trpE H398M -phzD Amplification of phzD from Pseudomonas aeruginosa PAO1
pET16-phzE [13] Amplification of phzE from Pseudomonas aeruginosa PAO1 pETM [5] pET-19b-menD BL21, production of his-tagged MenD pC20 [6] pJF119EH1-aroF-entC-entB-aroBaroL F97, production of 2,3-trans-CHD (4) as negative control.
pC20-menD pJF119EH1-aroF-entC-entB-aroBaroL-menD
F97, production of SDHCHC (8) Site-directed mutagenesis. To select hotspots, the docking of isochorismate to the crystal structure of EcMenD (PDB 3HWX) was performed manually using the software PyMOL for the visualization. [14] The surface electrostatic potential was calculated with the Adaptive Poisson-Boltzmann Solver (APBS) and the PQR data were generated with the PDB2PQR server. [15, 16] The homology models were developed with the "SWISS-MODEL workspace". [17, 18] The codons were chosen taking into account the occurrence in E. coli and the mutations were introduced with the QuikChange Site-Directed Mutagenesis kit (Stratagene) according to the manufacturer's protocol. The mutation N117R was introduced according to
Weiner and Costa. [19] PfuUltra High-Fidelity DNA and Phusion Flash polymerases were used for plasmids up to 8 kb and >8 kb, respectively. S10
V. Purification of the products Purification of iso-SDHCHC (iso-8).
The cultures (75 mL) were centrifuged (50 min, 15500 × g, 4 °C), the supernatant was filtered (Millipore Express Plus, PES, 0.45 m) and the pH was adjusted to 9.4 with 12.5% NH3. The filtrate was loaded (flow rate: 3 mL/min) onto an anion-exchange column (Dowex 1X8, 
RP-HPLC-MS analysis of 2,3-trans-CHD (4), SDHCHC (8), iso-SDHCHC (iso-8) and SEPHCHC (7).
RP-HPLC-MS analysis was performed using an Agilent 1100 HPLC system (Agilent Technologies) coupled to an API 2000 or API Qtrap 4500 triple quadrupole mass spectrometer (AB SCIEX) with a
Multospher RP C18, AQ-3 m EC column (60 × 2 mm, CS-Chromatographie). As mobile phase, a gradient of 0.1% vol/vol formic acid and acetonitrile was applied (flow rate: 0.3 mL/min, column temperature:
20 °C, injection volume: 2-5 L); gradient program: acetonitrile: 0%, 0-1.8 min; 0% → 45%, 1.8-3.9 min; 45% → 80%, 3.9-9.0 min; 80% → 0%, 9.0-9.5 min; 0%, 9.5-18.0 min. The compounds were detected by mass spectrometry in negative ion mode using the parameters (API Qtrap 4500) listed in Table S2 . For quantification, MRM scans were performed using the parameters (API Qtrap 4500) and transition ions listed in Tables S3 and S4 , respectively. As standard, the purified iso-SDHCHC (iso-8) was used; the regioisomers SDHCHC (8) and iso-SDHCHC (iso-8) show the same relative intensity of the transition ions.
For SEPHCHC (7), a purified regioisomer was used as standard (to be published elsewhere). (10) and iso-SAHCHC (iso-10) were detected by mass spectrometry in negative ion mode using the parameters (API Qtrap 4500) listed in Table S2 . The substrate 2,3-trans-CHA (5) was detected and quantified by UV-visible absorption at 278 nm. For quantification, MRM scans were performed using the parameters (API Qtrap 4500) and transition ions listed in Tables S3 and S4 , respectively. As a standard, the purified iso-SAHCHC (iso-10) was used. For SAHCHC (10) and iso-SAHCHC (iso-10), the regioisomers show the same relative intensity of the transition ions. The standard deviation was ±10.9% (determined by six repeated injections). MS/MS spectra of the purified regioisomers iso-SDHCHC (iso-8) and iso-SAHCHC (iso-10), and the postulated fragmentations with the experimental (and theoretical) m/z ratios. Figure S4 . MS/MS spectrum of purified iso-SDHCHC (iso-8). Figure S5 . MS/MS spectrum of purified iso-SAHCHC (iso-10).
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VII. NMR spectroscopy NMR spectra were recorded at 24 °C on a Bruker DRX 400 spectrometer operating at 400 MHz for 1 H NMR and at 100.6 MHz for 13 C NMR acquisitions. Chemical shifts of the spectra are reported in ppm with the solvent (D2O) resonance as internal standard (4.69 ppm). Table S6 . Chemical shifts and correlations of isolated iso-SAHCHC (iso-10) in D2O. 
